The growing importance of the Mexican TIIE-futures, which are amongst the most actively traded derivatives contracts worldwide, motivates the examination of their behavior. In particular, this study addresses the question of two sources of nonstationarity, day-of-the-week effects and abnormal behavior at expiration days.
1 Introduction.
The existence of nonstationary patterns in futures contracts prices has been documented extensively in the finance literature. For example, contract month volatility, day-of-the-week, year, and calendar month effects, have been identified for equity, stock indexes and commodities futures (Crato & Ray, 2000; Galloway & Kolb, 1996; Kenyon, Kenneth, Jordan, Seale & McCabe, 1987; Khoury & Yourougou, 1993; Milonas & Vora, 1985) . However, for interest rates futures the number of studies about the existence of prices anomalies is still reduced and frequently limited to short-term contracts.
Interest rate futures are highly liquid traded financial assets mainly used for hedging purposes. The lower transactions costs, their ability to expand risk management capabilities and their flexibility, among other reasons, have boosted their popularity over the last decades not only in mature markets, but also in emerging economies. Like other derivative instruments, interest rates futures are supposed to increase price efficiency of financial markets and to improve risk sharing among economic agents.
The aim of this article is to study the presence of day-of-the-week and expiration day effects in the Mexican interest rate futures market. In particular, the study considers futures contracts whose underlying consists of 28-day deposits that produce yield at the 28-day Interbank Equilibrium Interest Rate (Tasa de Interes Interbancaria de Equilibrio, or TIIE). This is the rate that serves as a measure of the average cost of funds in the Mexican interbank money market. The effects on futures daily rate changes are tested using a GARCH(1,1) model specification that includes daily dummies and a dummy for expiration day effects, in both the conditional mean and the conditional volatility functions.
The main motivation for studying this market lies in its growing importance: the Mexican Derivatives Exchange (MexDer), reached in the first ten months of 2006 a volume of 255.99 million contracts, making it the eighth largest exchange worldwide. Its leading contract, the 28-day TIIE interest rate futures, experienced during the same period the largest increase in volume in any futures contract, becoming the third most actively traded futures contract in the world after CME's Eurodollar and Eurex' Eurobond contracts (Holz, 2007) . With such impressive growth, the behavior and characteristics of this emerging market are certainly important to many participants, including non-Mexican investors.
The day-of-the-week effects, i.e. evidence that asset returns present different distributions in some of the days of the week, have been extensively reported in equity, foreign exchange, commodities and T-Bill markets around the world (Aggarwal & Rivoli, 1989; Agrawal & Tandon, 1994; Berument & Kiymaz, 2001; French, 1980; Harvey & Huang, 1991; Jaffe & Westerfield, 1985; Lakonishok & Levi, 1982) . In most of these studies there is evidence of a weekend effect: Friday returns are reported to be abnormally high and Monday returns abnormally low and, on average, negative.
Literature on day-of-the-week and futures markets is more limited. Chiang and Tapley (1983) found weekly patterns, including Monday effect, on a variety of future contracts.
Studies of Dyl and Maberly (Dyl & Maberly, 1986a,b) found evidence about the existence of day-of-the-week effect on the S&P500 stock index futures rejecting the hypothesis of equal mean returns across days of the week. Similar results were obtained by Gay and Kim (1987) for commodity futures.
Seasonal patterns in futures price volatility have also been reported. Most studies attribute seasonal changes in volatility mainly to scheduled macroeconomic announcements and to other public information releases. This conclusion is in line with efficient market hypothesis where asset prices should change only with the arrival of new information.
For example, Harvey and Huang (1991) found higher volatility of price returns of major currencies futures on Thursdays and Fridays. They attribute this phenomenon to the concentration of scheduled announcements of macroeconomic indicators on those days of the week. Also, Ederington and Lee (1993) reported higher volatility of currency futures and interest rates futures immediately after macroeconomic announcements. They show that volatility is different across days of the week on announcements days only. In contrast, Han, Kling, and Sell (1999) , after controlling for the announcement effect and maturity effect, found a strong day-of-the-week effect in Deutsche Mark and Japanese Yen futures. Their results suggest that currency futures are not moved by announcements of macroeconomics indicators, but by factors such as trading process and market microstructure.
In the case of interest rates futures, Johnston, Kracaw and McConnell (1991) 
identified
Monday effects on T-bond future contracts, but found no significant seasonal patterns on T-bill contracts. Lee and Mathur (1999) found Monday and Thursday effects using data of futures contracts listed in the Spanish derivative market. On average, Monday returns were negative while on Thursday they were positive for all studied contracts. In addition, for MIBOR90 and MIBOR360 contracts volatility was found to be higher on Mondays.
Also, Buckle, ap Gwilym, Thomas, and Woodhams (1998) , analyzing intraday empirical regularities in the Short Sterling interest rate futures, report a Monday effect in which returns, volatility and trading volume tend to be lower on Mondays than across the rest of the week.
In the last decades a great number of studies have been published regarding possible effects of stock indexes derivatives on the underlying. Evidence has been found of abnormal price behavior, higher trading volume or price reversals in the underlying assets around the expiration dates. This effect, known as expiration effect, arises primarily from a combination of factors including the existence of index arbitrage opportunities, the cash settlement feature of index options and futures, the unwinding of arbitrage positions in the underlying index stocks, and attempts to manipulate prices as explained, for example, in Stoll and Whaley (1997) . In the case of interest rate futures a different but similar question arises: at the dates of expiration of short term contracts, are there any persistent changes, upward or downward, on longer term contracts rates, in their volatility, or in both? A priori, one should expect price movements consistent with the term structure determined by the forward rate curve. However, such an analysis may also reveal seasonal patterns induced by trading activity. Therefore, in this study the use of the term expiration effect will refer to the abnormal behavior of futures contracts with different maturities on the days around the expiration dates, which in the case of the 28-day TIIE futures correspond to the Wednesdays on the third week of every month.
Relative to previous literature, the contribution of this study is threefold. First, it documents the existence of day-of-the-week and expiration day patterns in a market for which, in spite of its growing importance, there are almost no previous studies. Usually day-of-the-week anomalies are attributed to the arrival of new information; however, the rationale behind the anomalies in the Mexican market may be different. The TIIE futures market is a very liquid market but with only few participants. For example, in 2006 there were on average seven operations per day per type of contract, each of them for an amount of around 20 million U.S. Dollars. The contrast between the large size of the market and the small number of participants suggests the market could behave differently in comparison to other more mature markets. It may be the case that the reduced number of participants promotes some collusion among them, and this collusion could originate the nonstationary patterns in prices.
This study also expands upon previous research in using not only next-to-expiration contracts but a whole set of 36 rollover time series, ranging from the next-to-expiration contract to the contract with expiration in 35 months. This data set permits to assess the existence of nonstationarity and to identify trading patterns not only for next-toexpiration contracts but also for long term contracts. This allows to distinguish between the effects of trading activity and those of information arrival. For example, under the assumption that new information does not necessarily equally affect short and long run contracts, a monotonic behavior across futures contracts will denote a day-of-the-week anomaly highly influenced by trading activity patterns, and to a lesser extent by new information arrival.
Finally, the consideration of long term contracts also leads to study the possible effect of expiration days on the whole forward curve. To the best of our knowledge, this effect on long term futures contracts has not been previously studied.
The main findings can be summarized as follows,
• TIIE futures rate changes are strongly heteroscedastic.
• There is a weekend pattern consistent with the Monday effect observed in other interest rate futures markets: On Mondays rates tend to increase while on Fridays they tend to decrease. This effect seems to be a consequence of trading activities.
• There are expiration effects on short-term TIIE futures contracts: on the expiration dates (usually every month's third Wednesday), the volatility of contracts expiring in six months or less increases.
The rest of the article is organized as follows. The next section provides the background on the 28-day TIIE futures contract and describes the data and the methodology employed. In section three the results are reported. Concluding remarks are given in the last section. Each 28-day TIIE futures contract covers a face value of 100,000 Mexican Pesos (approximately 9,100 US Dollars). MexDer lists and makes available for trading different series of the 28-day TIIE futures contracts on a monthly basis for up to ten years. It is important to observe that, in contrast with analogous instruments like CME's Eurodollar or LIFFE's Short Sterling futures, TIIE futures quotes are in terms of future yields, not in terms of prices.
The last trading day and the maturity date for each series of 28-day TIIE futures contracts is the bank business day after the Central Bank holds the primary auction of government securities in the week corresponding to the third Wednesday of the maturity month. Since these primary auctions are usually held every Tuesday then, in general, expiration days for TIIE futures correspond to the third Wednesday of every month. For purposes of discharging obligations, settlement date on maturity is the bank business day after the maturity date.
Sample Data
The data used in this study are obtained from the MexDer. In particular, the analysis uses daily settlement rates for 28-day TIIE futures contracts from January 2nd, 2003 to June 30th, 2006 (a total of 888 daily observations), for contracts expiring every month from January 2003 to June 2009. Using these daily observations, a panel is created by rolling over contracts: for each series, once the most immediate contract is close to maturity, we rollover each of the series to the contract that is next according to maturity.
In applying this kind of rolling over methods there is no generally accepted procedure on the choice of rollover date. The most common choices include switching at the expiration date, at the time of volume crossover or at some arbitrary number of days before the expiry of the front month contract. Considering that the shortest TIIE futures contract has only three weeks to maturity, and that abnormal rate variability may arise at the expiration date (Ma, Mercer & Walker, 1992) , the switching is done 5 trading days before the contract expires.
The result of this procedure is a panel consisting of 36 rollover series according to time to maturity. The first series contains rates for the most immediate contract, the second one contains rates for the contract that will be delivered in one month, the third one rates for the contract with delivery date in two months, and so on. In other words, for every trading day between January 2nd 2003 and June 30th 2006 there are settlement yields for 36 futures contracts expiring from 3 weeks to the next 35 consecutive months. For each of these series, plus the series of TIIE spot rates, the analysis considers the series of logarithmic rate changes
where S t is the settlement rate on day t. We will sometimes refer to these r t simply as rate changes.
There is evidence that the choice of rollover date and linking method can potentially generate biases on the statistical properties of the series (Geiss, 1995; Ma et al., 1992; Rougier, 1996) . In order to minimize the impact that the splicing procedure may have on the statistical tests, increments across the splicing points are not included in the statistical calculations, resulting in a data set of 37 series of daily yield changes (including the one corresponding to the spot rate) with 845 observations each one. Table I provides summary statistics of each of the series of rate changes. Almost no mean is statistically different from zero and the standard deviation tends to increase when contracts approach expiration. Most of the contracts show positive skewness and all series, including the spot rate, are leptokurtic. For all series the Bera-Jarque statistic rejects the hypotheses of normality.
With the exception of only one series (No. 18) , the Engle (1982) LM-test for an autoregressive conditional heteroscedasticity (ARCH) effect clearly rejects the null of no ARCH effect in both the futures and TIIE rate changes. Further evidence that rate changes are not independently drawn from a normal distribution is provided by the autocorrelation of the series. The Ljung-Box test for autocorrelation of rate changes and squared rate changes (not reported in the Table) indicates that there is evidence of dependence. 
Methodology
The statistical significance of expiration and day-of-the-week effects is examined using the following regressions for each of the series. To address the autocorrelation the equation of the conditional mean is set as an AR(1) process
where, for each of the series considered, µ is a constant for the mean equation Additionally, the variance of TIIE futures contracts is examined using a GARCH (1,1) model with day of the week and maturity days as exogenous variables:
where h t is the conditional variance for the series on day t, and D kt represent the exogenous variables mentioned before. The maximum likelihood estimates were obtained with RATS (v.5) software package using the Berndt-Hall-Hall-Hausman algorithm. Since the accuracy of GARCH model estimation and of the associated t-statistics may depend on the software employed, the maximum likelihood estimation was also performed under EViews package using the Marquardt optimization algorithm. Although the coefficient estimates and their standard errors differ slightly, the reported results are qualitatively the same.
Results

Day-of-the-Week Effects
In testing for seasonality, a preliminary statistical analysis is performed using the standard methodology. Considering the 36 series, rate changes are classified by day of the week, year by year and for the entire period. Mean changes and other statistics are computed for each day of the week, and t-tests are performed for comparing two means.
Since this procedure implies dividing the sample in multiple subsamples, a standard Ftest is performed to test the null hypothesis that means across all days of the week are jointly equal. Failure to reject the null would suggest that any apparent patterns observed when performing significant tests in isolation are not robust and are probably due to the effect of multiple subsamples.
The results of this analysis are presented in Table II The maximum-likelihood parameter estimates for the GARCH model with all the dummies are reported in Panels A and B of Table IV . Table V reports Figure 1 these exceptions could be attributed to low trading volume.
The results in Panel A of Table IV show that, in accord to the results obtained previously (Table II) Buckle et al. (1998) for the Short Sterling futures, in Johnston et al. (1991) for T-bond future contracts, or in Lee and Mathur (1999) for the Spanish MIBOR-futures market.
However, the significant low rates on Fridays seem to be idiosyncratic. Since there is no scheduled macroeconomic announcement or other public information release occurring on those days of the week, this anomaly seems to be produced by the particular characteristics of the trading activity in the Mexican futures market. The last line of Table IV Related with day-of-the-week effect and volatility, several observations are worth mentioning. On Table IV Panel B it can be seen that coefficients for Tuesdays, Thursdays and Fridays dummies in the conditional variance equation are significant for short run contracts but not for longer terms. There are also some significant coefficients in estimations for contracts expiring around two or three years, but not for contracts in between.
For example, contracts expiring in two years present significant coefficients for Tuesdays' dummies. Higher volatility on Tuesdays should exist for any term contract as this is the day when the Central Bank carries out the auction of Treasury Certificates (CETES) in the primary market. This is the leading interest rate in money market.
Even though there are important announcements on Tuesdays, and on Thursdays the market is more liquid because Treasury Certificates are settled, the presence of significant coefficients on Fridays does not help to discriminate between the reaction to public announcements and trading activities. Given that on Tuesdays new information concerning interest rates arrives, higher volatility should be related with these events, supporting Harvey and Huang (1991 
Expiration Day Effects
In this section the expiration day effects on rates changes and volatility are investigated. This analysis is performed considering a dummy variable that takes the value one on Mondays, Tuesdays and Wednesdays of the expiration week and zero otherwise.
The estimated coefficients are reported in the last column of Table IV , Panels A and B.
Results for the conditional mean indicate that the coefficients for this dummy are always negative, although only in eleven cases they appear to be significant. With respect to the estimates for expiration day effect dummy in the GARCH process, the null hypothesis of no structural change cannot be rejected for contracts maturing in seven months or less. In these cases coefficients are positive and different from zero at the 5% significance level, meaning that the conditional volatility of those contracts increases when the nextto-expiration contract matures. On the other hand, there are no significant alterations in the spot rate near expiration days.
Apparently, on the days prior to expiration, market participants change their hedging positions to contracts expiring one to six months ahead, while longer term contracts are not considered by investors for their rollover strategies. Since short term contracts involve lower basis risk, this preference for short term contracts can be due to hedgers preferring to assume frequent rollover transaction costs than the risk of future mispricing.
Conclusions
The growing importance of the 28-day TIIE futures contract, the third most actively traded futures contract in the world, motivates a detailed examination of its behavior.
Specifically, this paper investigates sources of nonstationarity in these contracts, searching for day-of-the-week and expiration day effects. The presence of these effects, both in the rate changes and in their volatility, is tested in the context of GARCH models.
The results show that there is a Monday effect similar to the one observed in other interest rate futures markets: rates (prices) tend to increase (decrease) on Mondays. In addition to this, rates tend to decrease on Fridays. Since there is no scheduled macroeconomic announcement or other public information release occurring on those days of the week, this anomaly seems to be produced by the particular characteristics of the trading activity in the market. The fact that on Fridays the spot rate also tends to decrease leads to suspect that the anomaly could be attributable to the need of market participants to lower their margin requirements during the weekend and to other reporting necessities.
That is, given that TIIE spot rate is determined by the bid-ask positions set by a few participants (usually six or seven major banks), it may happen that on Fridays those participants set positions with lower values than the rest of the week to diminish the cost of money during the weekend. If this is the case, it indicates that the fact that only few participants trade these contracts makes it easy to induce nonstationarity patterns and, in consequence, market inefficiencies. A priori, ignoring the impact of market frictions, the existence of such patterns opens the possibility of abnormal profits by taking short positions on Fridays and closing them on Mondays.
Concerning volatility, event though it is not possible to accurately assess the cause of a day-of-the-week effect, it has been shown on Mondays there is no structural change in volatility. On the other hand, the difference in volatility between short and long term contracts has also implications in the adequate specification of margin requirements.
Since low margins promote investment and high margins tend to diminish it, it may be important for the clearinghouse to establish a margin policy that distinguishes between contracts with high or low volatility in order to optimize the relation between investment and risk control.
With respect to a possible abnormal behavior during the expiration days, there is evidence of significant changes in conditional volatility around days previous to expiration in contracts with seven months or less to maturity. Apparently, on the days prior to expiration market participants roll their hedging positions to contracts expiring one to six months ahead, while longer term contracts are not considered by investors for their rollover strategies. Since short term contracts involve lower basis risk, this preference for short term contracts can be due to hedgers preferring to assume frequent rollover transaction costs instead of the risk of future mispricing. 
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Numbers are millions of contracts traded during each month before the expiration date. 
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